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THE DRAG OF AIRSHIPE. -

By Clinton H. Havill.

PART I

Summary

In order to begin ressarch on the drag of alrships it was
first necessary to make a logical digest of the repocrted past o
performances and data given on deceleration tests for a large
nurber of airships. That these data mav become available for
airship desligners in a comnact form is the puipose of this re-
vort, as well as to serve as the basis on which the author 1is
continuing nis Tecearches, vwhich will be given later in Part II
(Technical ¥ote ¥o. 248).
This digest as given here in Part I was begun in September,
1983, and worked on intermittently until December, 1325.
The outstanding results are as follows:
1. In general, the maximum speed of most airships was re- L
ported evbout 5 per cent higker than obteinsd in this report.
3. Total maximum horsepower was reported in many cases
nigher and in a few cases lower, than obtained in +this report.
3. Propulsive coefficients at maximunm speede are in gen—

eral lower than the reported values. Coefficient "C"' dis con-
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stant and the »ropeller efficiency "E" is reduced as at maxi-
mun speed that the propulsive coefficient "K" <falls off.

L. t was further noted that several ships of widely dif- —
ferent designs hed nearly the same drag coefficient for the.
whole ship. However, this is looked upon as a coincidence in
the cases where the itype of hull, cars, and surfaces differed
widely.

5. That in general an idling propeller was found to have
about fifteen square feet area of drag while a stopned propel-
ler had about éix square feet area ol Jdrag. This was found by
working out the area of drag from the ship's performance and
comparing it with the area of drag as cbtained on the decelera-
tion test with either stooped or idling propellers as the case
vas reportcéd. In some cases this difference of area worked out
to be 8 or S square feet per propeller, but with certain types
of engines it is possible shat all engines were not stopped but
that one or two were left idling during the deceleration tvests.

Avplied values of principle data and results are given in

Table I and Fig. 3.
Introduction

At the beginning of the research - "The Drag of Alrships" -
it was immediately discovered that there was much conflicting
data on record concerning any given particular ship. Decelera-

tion tests had been performed on some ships, yet the results of
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these tests did not always agrec with that held on exactly simi-
lar ships. The reported moximum speeds, propeller efficilencies,
and maximum horsepower would give a drag coefficient that dif-
fered widely from that reported or found on the deceleration
tests. Or, again, using the drag cosfficient found on deceler-
ation tests together with the maximum horsepower and reported
maximum speed would in many cases give a propeller efficiency
that was highly imprcbable.

A digest by Lipka's empirical method of digesting inconsist-
ent data wes applied to the folliowing quantities: maxinmum speed,
maximum total horsepower, propulsive coefficient at wmaximum
speed, proveller efficiency &t meximum speed, area of drag
(power oa), and drag coefficient for the whole ship. This vas
done not only for the data concerning each individual ship but
taking into account tnz relation betwcoer ships on the two quan-
tities of drag cocificient end propel.cr efficiency upon which
many quantities &apended. The method of how this relation was
obtained is explained fully in the explenation of Lipka'!s method
ag given later in this repoxt.

The reasons for undsriaking this problem was primarily to
digest the results already cbtained in flight on full-sized
ships so that the results could be used for further research
work as will be given latsr in Part II (Technlcal Note Ko. 248).

The scope of the work extends over nearly all the Zeppelin

ships jogether with five types of nonrigid airships. The method
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usged is Lipka's empirical method of digesting inconsistent dzata
and 1s explained as follows:

The method chosen for the digestion of inconsistent data
is the invention of the late Professor Joseph Lipka. It is de-
scribed as the "method of selected points" in Professor Liplals
book "Graphical and iechanical Computation.! This method is
frankly empirical, and has not %he rigid mathematical justifi-
cation of the method of least sgquarss, but it is far less labor-
ious, and has the grect advantage for the present problem that
data which is known to be especially reliable can arbitrarily
e given more weight than other data of less certain accuracy.

Lipkate method does not always zive results converging
to consistency. If the sum of the errors is very large, each
approximation shows increasing divergence from consistent val-

ucs, showing that the data is too unreliable to be considered.

Explanation of Lipka's Zmpirical Method

for the Digest of Inconsistent Data

Lipka's empirical =method of making inconsistent data con-
sistent with the theoretical matheomatical relation that exists.

As 2 simple example, Case 1:

A rectangle actually ecxists as in Fig. 1. . T
=5 |A=
An observer measures eide "a' and repoxts B.1 a;L A=20
1" i 1 n ntHi n i 3.9 B k-_b_4:—>{

1 tt 1 atea MAW u 20.11 Fig.l
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These reported values have Been measured perhaps by differ-
ent observers at different times and the accuracy of their data
is not known as yet; for the purpose of research, let us there-
fore assume that ab = A rust hold true to four (4) significant
figures. This is analogous to the reported data concerning a
single airship. Yet with airships, the reported values of drag
coefficient, horsepower, maximum speed, propeller efficiencies
at maxinum speed, and propulsive coefficient are interconnected
by mathematical relations and would only'serve to conplicate
the explanation of the method. The relation between different

ships will be later explained anclogous to using two rectangles.

Reported values @ Assume A and b correct, then a = %~= 5.146
a = b.1 : A
. Assume A and a correct, then b = = = 3.943
b= 3.9 X &
A = 20.11 ¢ Asgume a2 and b correct, then A = ab =

5.1 X 3.9 = 18.89

These values of a, b, and A are the 1st approximation:

1st approximation: Reported a = 5.1
a = b5.146 ¢ 1lst approx. a = _5.1456
b = 3.94% : 2:10.246
4 = 19.89 . 5.133 = 1st mean value of a
Reported b = 3.90
1st approx. b = _3.943
8. 7.843
3.982 = 18t mean value of ©
Reported A = 20.11
1st approx. & = 19.89
2:40.00

20.00 = 18t nmean value of A
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Test for consistency ab = 5.133 X 5.9233 = 30.092 = A, calculated
value.
lst mean value of 4 . . = 230,00
083
Consistent to only three significant

figures.

Tow consider these mearn values as new reported values and con-

tinue the orocess to the second approximation.

Similar to method of first approximation:

_ 1st mean & _ 30.00 _ _
& = 5% mean b Z.053 = 2 34 approx. =
_ 1st mear & _ 20.00  _ 5 1 _
b= Tt mean a = 5,23 0 3¢
A = {1g%t mean a) (1lst mean b) = 5.133 X 3

(Check: for consistency,

5.099

3.903

20.092 = A,
24 approxX.

.923

A = 5.099 X 3.903 = 19.901.)

5.111 x 3.908 = 18.9737 = A,

3d. avproX.

a b A
Last rican value . 5.133 3.222 20,00
24 approx. ! 5.099 2.503 23.092
24 mean i 5.111 3.908 20.046
Yean value = Laat mean + 1as’t approx.
[<]

_ 2d mean & _ 20,046 = = .
& = Sl mean b = 3.508 5.129 a, 34 approx
_ 3¢ mean & _ 30.046 _ =, - 1
b= S mesna - 5iL - or9%R = b, 34

A = (2@ mean a) (3d mean b) =

a b A
Last mean value 5.111 3.208 20.046
34 anprox. " 5.129 3.923 19.9737
3d mean 1 5.120 3.815 20.0098
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_ 24 mean A _ 30.0028 _
8 = Sl meen b - 3615 - >t
_ 3¢ meen A _ 30.0098 _
o 33 mean &  5.130 5.908
A = (3d mean a) (3d mean b) = 5.
(Check for coneistency, 5.111 X
a I}
Last mean value 5.120 3.915
4th approx. " 5.111  3.908
4+th mean i 5.115 3.9223
_ 4th mean A 20.0273 -
&= Hrmen b~ S.olz - o+
_ 4th mean A _ 20.0373 _ a
b= ¥omean a - 5.1ls - otord
A = (4%h mean a) {4th mean D)

7
= a, 4th approx.
= b, 4th ¥
120 X 3.915 = 20.0448 = A,
4th approx.
3.908 = 19.9738.)
A

20, C088

20.0448

20.0373

= a, 5th approx.

='a,’

5th "

- '5.115 X 3.913 = 20.0098 = A,

5th approx.

(Check for comsistency, 5.119 X 3.215 = 20.0403.)
a b A
Last mean value 5.115 3.912 20.0375
5th approx. " 5.113 3.915 230.0098
5th mean " 5.117 3.914 230.0185
_ Sthmean A _ 30.0185 _ - i
& = Tih mean b = LA 5.114 6th approx., &
_ 5th mean & _ 20.0185 _ 3.913 = 6th .. b
o 5th mean a 5,117 3 9;2 th appro ’
A = (5th mean a) (5th mean b) = 5.117 X 3.914 = 20.0379 =
6th approx., 4
(Check for consistency, 5.114 x 3.913 = 20.0059.)
a b A
Last mean value 5.117 3.914 20.0185
6th approx. " 5.114 3.912 20.0379
8th mean " 5.1155 3.913 20.0337
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5 = Oth mean A _ 20.033

= 8b.Yeol - 55,1170 = &, 7+th approX.

8th mean b 3.9193

b = 6th mean & 20,0337

Bth mean D 5.1155

A

il

It
{

- 3.914% = b, 7th "

(6th mean a) (6th mean b) = 5.1155 x 3.913 = 20.0160 =

A, 7th approX.

{Check for consistency, 5-117 X %.9143 = 20.0294.)

a b A

1,88t nean value 5.1162 3.9136 20.0203

g8th approx. " £,1155

8th mean

(Wx]

.5131 20.03276

" £.1158 35.9134 230.02153

_ 8%h mean & _ 20.02153 - S

& = gih mean b 7 9134 5.1161 = a, 9th appTox
. gtnmean & _ 20.03152 _ 3 _ - ;

© = Gtn mean a 5. 1158 5.9136 = 0, 9H

4 = (8%th mean a) (8ih mean p) = 5.1158 x_3,91i4 = 20.02017 =

9%h approX.

2
(Check for consistency, 5.1161 x 3.9136 = 30.03238.)

Consistency exists to four (4) significant figures:

The desired values are then taken from the 9th approxﬁnation as

follows: a -

as check, ab

5.116; Db = 3.914; A= 20.08

-—
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Case 3.
How let us consider as example two rectangles which actuallir:-

exist, as follows:

: bl = 4 b3 =3.9
z |

{

)

a1 =6 |4y =24 A2 = 18.5l ag = 5
| { |
| | |
j !
—
Fiz.2

It is known (let us say) thot humen endeavor tried 1o ﬁake side
by = side bp. This is analogous 1o two types of ships buillt

say in the same vear, with no apparent advancement in the art of
proPelier Cesign compassed to the ships just before and just |
after the building of trese two ships. It then is safe to say
that these two sghips would bhave as far as is known the same pro—
peller efficiencies. On this relation that side b, = side by
thé following will be worked out: l

The renortéd valueos are

1st rectangle 2d rectangle Mathematical relations
' in this case
bl = 3-95 b2 = 3-99 &1 -b'_l_ = Al

A, = 34.05 A, = 18.80 ty = ba

.
v

-
It



N.1.C"4+ Technicel Notc No. 247

Asswiing consistency to three significant figures is consid—

10

ered sufficient. Proceed similarly to Case 1.

A,, 1lst approx.
lst ¥

_ 45 24.05 _ .
&y = By = “3.95 = 8.088 = a,,  1let approx..
_ Ay 24.05 _ —
by ol 3.995 = b, 1ls%
4 19.80
8p = & = S5 = 4,063 =
2 "85 T T5.99 8= 8, lst
£ 18.380
= S8 = LSOl 4. =
Ta az Sen = 4-008 = by, 1s%
A, =2, D = 8.08 X 3.95 = 24.018 =
Ay = a5 b, = 4.94 X 3.99 = 19.710 =

Now consider the reiation by = b,

O

b,, 18t approx. = 3.955
b s i it = 4.008

(mean value) cal. = 3.982 4o be ave

As

2>

raged into the mean
values.

lLest mean (in this case reported data):

Lagt mean 6.08 3.95 284.05
1st approx. 6.038 3.8955 24.01
(zean value)cal. 3.9823

1st mean value 6.084 3.982 24.03

It is to be noted that the assumptil

ag b A
4.94 3.99. 19.80

6 4.982 4,008 19.710
~ 3.982
3 4.95L 3.993 19.755

on that b, =T, Tbased

on human endeavor is given equal welght with reported data and

hence enters the rean value only once, having thus one-third ef-

fect on the mean velues of b, and b,.

However, if (in the case
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of shins) a2 ccrtain data, say as obtained from deccleration tests
is asgsumod to be highly correct, this can be given greater weight
by averaging it on & weighted mean principle. On ships where the
deccleration data looked reasonable it was given three times the
weight of other reported valucs and was averaged in on each ap-
proximation, thereby forcing the dependent variables to closely
conforii 0 the actual dcceleration test. To continuc the cass
at hand -

Check for consistency:

(a,, 1st approx.)(b,, lst approx.) = 6.038%3.955 = 34.078

(ag, " " Y(bs, " ) = 4.983X4.008

19.887
Compared against the mean values of

A, = 54.033

k= 19.755

1st mean A,  24.033 . o6s o .
B = = ©-. = appToX.
82 lst nean b, 3.963 24, 1919]

1st mean &, 34.033
= = = 3.950 = © ad i
1 = 5% mean 8, 6.084 e

A, = (1st mean ai)(let mean b;) = 6.084 % 3.963 = 24.1048 =
- A, , 3d approx.
lst mean Ag 18.755 .

3 = = | . 4
8 ¥ Jot mean b, ~ 3.993 = 947

8z, <4 approx.

st mean A, © 19.755

= = 3. - i
15t moan o, -~ 4.951 = 0-990 = Pe, 24

A, = (1lst mean ap)(lst mean bz) = 4.951 X 3.993 = 19.7693 =
A, , 24 approX.
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Check for conslstency:

(a,, 2d approx.)(b,, 24 approx.) = 4,=8.065 X 3.950=23.9567

(ag, 3@ " (b, 24  ® ) = A,=4.947 X 3.990=19.738 =
as comparcd against 4, = 24.1048 b,, 24 approx. = 3.950
4, = 18.7693 ba, 8¢ " = 3.990
mean = 3.970
Dy by £y @z bz ba

Last nean 6.084 2.962 24.033 4.951 3.993 19.755
24 appProX. 8.068E 3.950 24.1048 4.347 3.990 19.7693

Mean voluc )
of by & bg 5.970 3.970

24 ncan 6.074 2.981 24.0€89 .4.948 3.984 18.7623

2d mean A, _ 34.0689

2d moan a; %.081
.. _ 2d mean A, _ 24.0689 _ . "
Dy SG moan a. N2 3.9626 = by, 34

24- 0591 = Al,
3d approx.

A, = (24 mean a,) (24 ncan by). = 6.074 X 3.961 =

82 = S mean oo - 3.984 ~ +98%°

It

az, 944 approx.

2d mean Ay _ 18.7633 ; |
b: = o3 rean 8.~ 4.940 C ot99ot

bs, 34

A = (2 mean a3)(2d mean bz) = 4.949%3.984 = 19.7168 = Aa,

3d apnroXs
Check for conslstency: -
(a,, 3& approx.)(by, 3d approx. )= A;=8.0764X3.9626=34.0783
(ag, " ¥ Y (e, * M Y= Ap=4.9603%3.9931=19.80689

ag compared against
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Ay

It

24.0591

A, = 19.7168

b,, @d approx. = 3.9626

‘b,

mean

Last mean

3d approx.

i i)

i

3.9931

= 3.9778

8, b,

347 13

A, 8 by Ag

6.074 3.981 24.0889 4.949 3.984  19.7622

5.0764 3.9€636 24.0521 4.9803 3.993 18.7168

mean value

by & by
34 mean

b2

Az

.9778

3.8778

3 . .
6.0753 3.9671 234.0840 4.9548 3.89849 19.7395

3¢ mean A, _ 34.0840
& mean b,  3.9671

36 mean A,  34.0840

33 mean a,  6.0753

(3d mean a;) (31 mean

3d a2an A, 19,7395
3& mean b, — 3.9849

Sd mean A, 19,7395 _

38 mean a, = 4.9546

(3@ mean ag) (34 mean

Check for comsistency!

(a,, 4th approx.)(b,, 4th

(az

3

It} [} ) ('ba s 1!

ag against

A, = 24.1009
Ay = 19.7438

= 6.00658 = a,, 4th approx.

= 3.9610 = b,, 4th

by) = 6.0753%X3.9671=234.1009 = 4,,
. 4th approx.

= 4,9535 = a,, 4th approx.

= 3.9840 = b, 4th "

il

bp) = 4.9546X3.9849=19.7438 = A,
4th approx.

approx. )=A,=6.0658%X3.9610=24.0266
" Y=A,=4.9535%3.9840=13.7347

-

O Y e B BT A -.:tf!?,‘c'try
Meniorial Aeronautical
{ zboratory
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It is seen thot rectengle No. 2 has reached consisténcy %o
three significant figures as specified, which are for engineer-
ing purposes.

as = 4.95 b 3.98 A, 13.7 7
For check 4.5 X 3,28 = 15.7010
Thus the value of by = 3.98 can be averaged into the nex

approximation, the same as the mean of b, and b, was former-

ly. The next approximation need only be carried out on rectangle

No. 1 -~

Thus:
Last nean = 6.0753 3.9671 34.0640
4th approx. = 6.0658 3.9610 34.1008
b2 = 3.98
4t%h nean = 6.0705 3.2649 24.0835

8y = P Dood . X 0880 = 6.0670 = a,, 5th approx.

- A 4th mean — 24.0835 _ 2.96891 = Db 5%h i
1 = S 4th mean ~  6.0705 (== Pas |

4, = (4th mean a;)(4th mean by) = 6.0705X3.9694=0§%g?2§=§é%.

Check for comnsistency (a,, 5th approx.)é?6é7gg?92$§522:06;'
It is seen that rectangle Wo. 1 hes reached consistency to three
significant figures as specified which are for engineering pur-
poses. |

8, = 6.07 b, = 3.37 A, = 34.09 or 24.1 for 3 figurer
Sheck 6.07 % 3.97 = 24.0979.
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It is here well to note that although human endeavor tried
to make b, = by it was so tempered by the reported values of
by and bp +that they never did quite equal each other. Thus
final values b, = 3.97 and by = 3.98.

So it can be seen that even though an assumpition was mace
that the propeller efficiency of one ship is equal to that‘of
another, they do not necessarily in the finali values equal each
other unless the reportcd data agrees close enough to make it
80,

The interconnecting quantities between ships where no data
war~ avallable were propeller efficiencies and drag coefficients.

The data obtained by direct obssrvation are maximum speed
and horscpower; drag coefficient (with dead or idling propellers
as was the case at the given deceleration test). |

The data calculated from observed data are drag coefficlient
with engines having no prcpellor drag, propeller efficiency,
ma.ximum speed and propulsive coefficient. _

The data obtained where no deceleration test had been run
were to consider as reported data a drag coefiicient that lay
between the ships buillt just before and after with due regard to.
fineness ratio, type of cars and surfaces, contours of hull, ctc.
This assuned drag coefficient was forced by Lipka's method to
vary 1f necessary to accormodate the drag coefficient as calcu-
lated from maximum speed, horsspower and propeller efficilency

or from area of drag. Likewise, in ships where propeller effic'i-
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ency was not known by any data, it was assumed as between the
ships on either side of it. This could not be much in error as
propcller efficiency at maximum speed was almost a contlnuous
function. Then again the area of drag as found for ships on]
which deccleration test had been run, was seen to be nearly a
continuous function from one design to another. So wherc report-
€d dato were nissing (two cases only) thesc assumptions were
made.

Great weight was given to the drag coefficients and propcl-
lor efficicncics as cbtained from an actual known deceleration
test. This was done by averaging this observed data in on each
guccessive mean value; thereby forcing the conflicting reported
data to conform to the deceleration test data. In some cases
two deceloration tocts of the same ship were found and they dif-
fered in drag coefficient and propeller efficiencies. In such
casee an average value was used for the initial reported data.
After the fifth approximation the relative value of each gquanfity
compared to the samec value of ships on each side of it was main-
tained by avoraging in this inberpolatod value of drag coeffici-
ent and propcller efficiency. These two quantities determined
all tke rest for each individusal ship so gave twice Tthe nunber
of calculated values for quantities. Thus, on a particular ship
a value of drag coefficient would ve arrived at from the data

pertaining to that varticular shiprand another value of its drag

coeificient would be arrived at by its relation to the shipls
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‘"items" on cach side of it, wnich anounts to this: digest all re-
ported obscrved date (glving great weight to deceleration tests)
for five approximations, then calculate the relative values of
similar quantities vetween each itenn in succession. Then on each
successive approximation, average in to its mean the interpolated
valucs of drag coefficients and propeller efficienclies. Thus the
relative values of quantities would heve nearly the same relation
between ships as found to exist on the fifth approxination and

would be found to exist in the final analysis.
Body of Repors

Prelininary calculations of data, and empirical digest of
reported and deceleratlon test data to obtein consistent wvalues

of a2ll necessary quantities.

Lipkal's empirical method was used. This method, as ex-
plained in the introduction, gives consistent results by chang-
ing valuecs that lie off tho mean by arbitrarily moving (by aver-
aging) then half way to that mean and then calculating the de-
pendent variables. This was done for six dependent quantitiesi
maximun air speed, horsepower at waximum speed, propulsive coef-
ficient at raximun speed, nropeller cfficiency at maxirum speed,
area of drag, and whole ship's drag coefficient.

It was found that the data thought reliable often moved

glightly as it was not always consistont.
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Preliminary approximaté czlculations were made on the rela-
tive total drag of each ship, its approximate skin friction, rc-
sistance of the varc hull, etc. This was done purely to goct a
convenient arrangement of the ships, and not intended to be the
basis for the subdivision of a ship’s drag into ites component
parts, as bare hull resistance and skin friction are only very
approximate. Part II (Technical Note No. 248) deals entirely
with the subdivision of the drag of airships.

The quantity © = "characteristic length'with power on and
power off, was carried along through three approximations
primarily to give a more accurate start to the systen of approx-
imations.

Consistent results were obtained in cleven approximatvions
when rost cuantities shcowed a rapidly converging scriocs of their
differences with the previous approximation, and the diffecroncoes
yet to be so small as‘to show such a small numerical change in
the denendont quentities that the limits of these series wecre
taken as the final consistent values. The final values were
then checked against each other by the formulas of their rela~
tions (Sec Tables I 4o VIII given at the end of report).

Assurptions

The justificetion for the relations between ships is bascd
on thesc assumptions. The art of propeller design for airships

showod nearly a contimious function over the time. The proncl—-



isA.C.A, Technical Note No. 247 19

ler efficiencies gave several points on this function. It then
wvas safe to assume that the propeller efficiency of a ship on
.which no deceleration data ocould be found was bstween-that ob—
tained on the ships before and the ships after. This assumed
propeller efficlency was given equal weight with reported (not
deceleration test data) data on the first approximation. The
same was done for whole shipl's drag coefficient on the ships where
no deceleration tests had been run, taking into account type of
hull, volume, type of cars, surfaces, etc., and so, in fact, it
became an interpolated value of the drag cocfficient for use on
the first approximation.

Each ship's data wersthen run independently of other ships
for five approximations, giving greater weight to deceleration
test data where available. At the end of the fifth approxima-
tion the values of C and E were compared to the ltems on each
side of it and +this relative position was kept by averaging in
these new interpolated values on all the approximations that

follow.
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L = Length of ship in feet.

D = Maximum dismster of hull in feet.

v = Air speed in £%./sec.

Vipax.= Alr epeed at full throtitle all engines.

% = Finconess ratiq.

A = Maxirum croes sectional area in sq.Tt.

V or Vol. = Air volume of tull in cu.f%.

iz = Cylindrical cocfficiont.

X = Distance Trom nose to maximum dlameter in feet.

X Llao usecd to indicate typc of series as in X, %,% ..... 0.

T = Haximum radius of mll in feet.

e = Zccentrisity of nose ellipse.

Ag = Total suxface area of hull in sq.f%t.

S.F. = Skin friction.

Kp = Approx. dreg coef. due to pressure difference. | Used only
in firet

Kg = " " i % gkin Friction. approxi-
rationg.

K — f1 1. ] ] i hU.ll.

= FPropulsive coefficient in lest approximations and final
suzraries.

Pog = TFull rated horscpower.

BP, ,.= TUll ceveloped horsepower at full throttle all ongincs. ..

1 = & tern that approaches propeller efficiency E.

E = DPropeller efficlency for whole ship.

Symbols and Definitions Used in Part I

]
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Propeller efficliency with Vpygyg and HP.pgx-

Density of the air; consistently used as a constant of
.00237 slugs/cu.f%.

Virtual volume in cu.f%.
Characteristic length in feet.
" " with power on in feet.
Area of drag in sq.ft.
" " " with power on in fcet.

Drag, coefficient of whole ship in ebsolute units.

Subscript numerals denote the maeber of the approximation.
Primes (as X!, K", K‘")" 1 " it 1 i

in the firet few approximations.

Where there are any approximations on a sheet, the whole
ghecet is labeled "Preliminary Calculationse™ This is %o
prevent misuse of this article.

Final results of Part I are sunmarized on Page 3.
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Formulas
0 T 2/3 23
HP. 3 = 0 ¥ = X Yol.7"" v~
available 3 550 &
HP., = Horsepower useful in line of flignt.
E = HP'r = _Iz__tl)
P-available 999 HP-gyailabie
am ol 2/3 3, 2/8
K = Propulsive coeff. = 5& = 8E(Vol.-)" _ 0V (Vol.)
G Ap 550 EP. p
Ap = Area of drag with power on (sq.ft.).
A _ Drag in pounds 0o = sl¢$s/cu.ft.
P = o v2 v = f{./sec. -
3 Ap = 8q-%t.
c = Drag coefficient (absolute units).
a . Drag in pounds _ 2%
== =
—gUE(Vol.)a's X
| A
c = 26—723573 (absolute uaits)-
O-I.l
X _ 2B(Vol)’® _ 25 _ p v3{vor.}¥®
Ap -0 7 550 HP.
3
A a2y Vy = virtual volume in cu.ft. = Vol. + E%—
F Sp - (r = max. radius of croess section).
Sp = characteristic length, power on (£t.).
' aVy L3
A found from deceleration curve.

power off = g Spower off

power off

Ap - Apomer off = Area of drag, due to idle propellers.

P = .00237 slugs/cu.ft. (All foregoing data based on tae
standard density of air.)
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Formulas {Cont.)

Velocity; air speed in f%./sce.

°EP. X 3 X 580 X E éHP = Max. EP. available.)
B 4- 2/3 E = Prop. Eff. at Vysx.

.q 2 gf?; ) and EPepmax.
S/ HE. X 2 X 550 X E ({ = any available HP. )

p g_ (Tol 2/ 3 ( = Frop. Eff. at v and EP.)
¢ %.Ue ("01.)2/3== Drag in pounds.

dv _ ,. EV?

£50 D = pounds

) (8 = characteristic length);

power off = I (From slope of % plotied

Yo againset + during deceler—
L] e
ation test.)



N.A.C.4A. Technical Note ¥o. 347 24
Conclusion .

1. The consistent values obtained in the body of this re-
port and given again in the Summary must be used in the light of
the method by whick they werec obtained. Thus, it must be real- C—
ized that the net errors on reported data compared to what actu-
ally exists, are pro-rated around and that srrors in deceleration
test data are likewise pro-ratcl around until consistency is ob-
tained. It can then be said that the values herein obtained are
the probable relative values and Shus for design and research -
purposes can be considercd as a digest of past performence and
deceleration data. |

2. Part II (T.W. Fo. 348) dcals with the subdivision of
the Drag of Lirsnips and this work presents (by the author) the =
point of preliminary calculations and a first VL curve for
full size bare airship hulls.

3. The range of application of the data obtained in Part I
can not logically be applied té new designes that are not nearly
gimilar to airships from which those data were obtalned. How- o
ever, on the judgment of the cesigrer, certain quantities such .
as draz cocfficient and propeller cfficiency may be used for
ships of larger volumes, the accuracy of the results will large-
1v depend on the assumptions made. Part II (T.N. No. 348) en-
deavors to devise & method of calculating quantities concerning

a new design.
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Additional Reported Data

] T

| Alr Digt.max.!Prop.| Prop.| Drag
Iteleolume Oxd.from | Coef.| Bff. |.-Coef.

¥ose at. . Remarrks
% lenzth Uma.x.
| cu. €. K E o*
3 | 17.50 | 16 | 36 .
f = RE
9 | 572000| 25.80 | 20 | s8 |.ose | ‘omruwle O =5t doss |

10 | 22.632 16 33 044 not always hold true
11 ! 25.00 19 86 | .071 with this data.
13 | 24.61 , 36 52 |.053
13 32.40 ; 19 57 {.048
14 | 858000 23.19 24 55 | .0E5
15 | 21.83 | 33 | 56 |.035
17 - 19.62 36 54 1.030
18 |23149000 20.80 39 56 1.029
19 50.380 47 81 |.021
20 30.80 56 81 |.C20
21 30.80 57 32 1.m230 On this iten, data
22 |2640000 54.40 58 |,54 050 states skin fricfion
23 D440 59 85 |.019 = 82% hull drog.
24 30.80 59 65 |.050 |
25 {2400000| 24.40 | 56 | 65 |.020 |

In general this data conflicts with that given in the refer—

enceg. It is thus congidered as rcported data.

A statoment in the sbove reported data, that skin friction =

constant X V™" 9%7= 4 of hull drag (where V = volume of hull) is
not consistent with data reported for .item 233.

*For whole ship.
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Drag coefficient of whole shkip
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Fig.3 Plot of design history of American & German airships. Drag Coeffi-
: cient of whole ship vse. alr volume of hull. Data from results of part I.
(Each plotted point is the plot of an item).
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